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APPARATUS 



This invention relates to a novel apparatus for use in connection with pipe cleansing 
and monitoring systems. In particular the invention relates to a novel suspension 
5 system for use in relation to pipeline pigging apparatus. 

Both sub sea and land pipelines for the transportation of various products axe 
subjected to frequent internal cleaning and inspection. This process, known as 
"pigging", is effected by inserting a "pig" into the pipeline. The "pig" usually 
10 comprises a longitudinal shaft upon which is mounted at least one pig disc and at 
least one drive disc. 

In a cleaning pig the diameter of the pig disc is such that it creates a positive 
interference between the inner walls of the pipe and the outer surface of the pig disc. 
15 Motion is induced in the pig vehicle due to the flow of the product, e.g. oil or gas, in 
the pipeline against the drive disc. Thus, the pig progresses along the pipeline, the 
pig disc scraping the sides of the pipe wall causing a cleaning/scouring motion. 

Pipeline cleaning technology up to this point has relied upon a pig unit consisting of 
20 discs connected by spacer rings via their longitudinal axis. The weight of the pig is 
supported on tc hard" guide discs, whilst the cleaning is carried out by "soft" sealing 
discs. 

Inspection pigs operate along similar lines, but because there is no necessity to scrape 
25 the internal walls of the pipe, inspection pigs can be mounted on individually sprung 
wheels. They usually comprise a longitudinal shaft provided with one or more guide 
discs and are propelled in a similar fashion to a cleaning pig. An inspection pig will 
also be provided with monitoring equipment, for example, gauging or odometer 
wheels, to enable the detection of structural flaws in the pipes. 

30 

1 
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However, both types of pig currently used suffer from the disadvantage that they 
cannot be ran concentrically down a pipeline. For cleaning pigs this can result in 
uneven wear of the guide and/or sealer discs. Even with a wheeled pig, because, 
inter alia, the wheels are independently sprung, the weight of the pig will usually rest 
5 on a fraction of the wheels at any given time. This will cause the pig to run off 
centre and cause uneven wear on the wheel. 

Thus, there has long been a desire to produce a pig which reduces wear, increases the 
pig's life span and, in the case of a detector pig, minimises detection errors. 
10 Moreover, there is an increasing desire to manufacture a pig which is capable of 
being used in pipelines of varying diameters, such as, for example, that which is 
being laid as part of the large Asgard transport line in the Norwegian Sea_ 

We have now surprisingly found a novel suspension unit which is suitable for use 
15 with a pig assembly and which overcomes or mitigates the aforementioned 
disadvantages. The suspension unit also permits the manufacture of a pig which is 
capable of functioning in multidiameter pipelines. Previously, it has only been 
possible to manufacture a pig which can adjust between say 40 and 42 inches, 
whereas the novel suspension systems permit variation between, for example, 28 and 
20 42 inches. / 

Thus, according to the invention we provide a pig suspension system adapted to fit a 
pig shaft and comprising a plurality of wheels characterised in t hat the wheels are 
concentrically mounted around a piston which is operable in a direction coplanar 
25 with the pig shaft 

The p iston used in the susp ensi on unit of the inventi on may comprise any 
conventionally known type of piston, such as a hydraulic piston. However, a 
preferred piston is a spring loaded piston. 

30 
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The wheel and piston arrangement -will preferably comprise a plurality of wheels 
wherein each wheel is supported by a radially mounted suspension arm which itself 
is connected to a piston mounting block by a pivot pin. The suspension arm is 
pivotally connected to a tie rod. The end of the tie rod distal to the suspension arm 
5 being connected via a pivot pin to the piston. The piston assembly is such that the 
piston operates in a direction coplanar with the pig shaft. Thus in operation the 
piston will generally be acting in, for example, a horizontal plane and the tie rod will 
convert the piston movement to radial movement of the suspension arm and 
consequently the wheel. 

10 

As previously mentioned, one significant advantage of the suspension unit of the 
invention is that it provides centre line running of the pig. Centre line running is 
achieved because there is effectively a constant loading on an individual wheel. 
When the suspension arm is in a substantially vertical position the loading on the 

15 wheel will be in the region of 259 kg. With a conventionally sprung wheel, the 
loading can increase significantly if the diameter of the pipe varies and will usually 
lead to failure of the wheel by typically stripping of the roller. However, with our 
novel suspension unit comprising a spring loaded piston, in conjunction with 
suspension arm geometry, the spring compresses giving an increase in force, but 

20 controlled load of the wheel. Thus it is a particular aspect of this invention which 
provides a pig suspension unit which has substantially constant wheel loading. In an 
especially preferred embodiment we provide a suspension unit in which the wheel 
loading can be kept between the limits of 4,000 and 13,000 N. Thus, for example, 
the wheel loading m a 28 inch diameter pipe will be between 4,000 and 7.000 N: for 

25 a 42 inch diameter pipe the wheel loading will be between 6,000 and 10,000 N. 

The wheel loading can be varied depending upon, inter sdia, the nature and tuning of 
the piston. Thus, in the case of a spring loaded piston, the spring rate may be varied 
depending on each application. If the weight of the pig changes, through, for 
30 example adding parts, then the springs can be tuned which will modify the spring 
rate. Thus, by way of example only, the spring rate may be between 1 0 and 70 

3 
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N/mm, preferably between 20 and 60 N/ram. Furthermore, the wheel loading can be 
altered if the spring is adjusted. The spring pre-loading is a spring rate of 50N/mm 
and 27.5mm pre-loading and may be between 20 and 50 mm. A preferred 
arrangement will be variable depending upon application. 

5 

The suspension can be tuned by adjusting the position of the tie rod pivot point on 
the suspension arm. Thus the pivot point may be varied depending upon, inter alia. 
the pig weight and the performance required of the pig and which would be 
understood by one skilled in the art. The geometry of the tie rod connection to the 
10 suspension aim will also vary depending upon the application, although it is related 
to the spring rate. For example, there will be a maximum continuous wheel loading 
for a chosen wheel and the geometry will be "balanced" by adjustment of the spring 
rate, 

15 In a further preferred embodiment, The suspension arms of the wheel assembly is 
offset from the axis of the pig shaft This enables the wheel assembly, and hence the 
pig, to rotate whilst travelling down a pipe. This has the advantage that there is an 
evening out of the length of time any wheel experiences maximum load and. more 
importantly, it reduces and evens out the wear on the sealing discs. Thus the 

20 suspension unit may be offset between 1 and 3° of the pig shaft axis and preferably 
2° of the pig shaft axis. 

The number of wheels provided in a suspension unit of the invention may vary 
depending upon the size and weight of the pig. In a preferred embodiment a pig will 

25 be provided with at least two wheel assemblies comprising the suspension unit of the 
invention, e.g. a front and a rear set. Although, for articulated pigs more than two 
sets may be used. Although each set may comprise any number of wheels, preferably 
supported by up to eight wheels may be used in any set, although this number may be 
varied according to the dimensions of the pig. All the wheels in a single assembly 

30 are preferably connected to an appropriate piston although it is within the scope of 
the invention that some of the wheels may be conventionally mounted. The wheels 
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are generally arranged so that any wheel is mounted with another wheel on the 
opposing side of the shaft. 

However, in a preferred embodiment a pig is provided with two sets of wheels, 
5 substantially one at cither end of a pig shafL We have found it particularly 
advantageous when operating a pig with at least two wheel assemblies to have the 
wheels of one assembly offset from the plane in which the wheels of a second 
assembly operate. 

10 The lie rod used in the suspension system of the invention may incorporate a 
turnbuckle. The tumbuckles may be provided separately to the suspension- 
However, as an aspect of the invention we provide a turnbuckle for use in connection 
with a tie rod and a suspension system as herein before described. 

15 The novel wheeled pig is advantageous in that, inter alia, in all spheres of operation 
it retains the centre line, unlike conventionally known pigs. Thus, as a consequence, 
it reduces and evens out the wear on the discs and increases efficiency. Thus, in one 
aspect of the invention, conventionally used discs may be included in the pig system. 
Such discs usually comprise substantially circular polyurethane discs, "hard" discs 

20 being used to support the pig and "soft" discs to scrape the inner surface of the pipe. 
However, for use in relation to dual diameter pipes, a collapsible disc may 
advantageously be used, such that the disc may, for example, fold or unfold to reflect 
the dimensions of the pipe. 

25 In a further alternative embodiment, the pig of the invention may be provided with 
conventional detector systems, for example gauges, odometer wheels, thus enabling 
the pig to be used as a detector pig and enabling the manufacture of semi- intelligent 
cleaning pigs. 

30 The invention will now be illustrated by way of example only and with reference to 
the accompanying drawings in which, 

5 
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Figure 1 is a cross section along the vertical axis A - A of the suspension unit 
shown in Fig 2; 

Figure 2 is an end view of the suspension unit according to the invention; 
5 Figure 3 is a perspective representation of a pig provided with two wheel 

assemblies comprising the suspension unit of the invention; and 

Figure 4 is a cross section of the suspension unit provided with engaging 
means between the dis and the piston arrangement. 

10 With reference to Figure 1, a wheel assembly (5) comprises a wheel (9) rotatably 
mounted on a suspension aim (10). The suspension arm (10) being pivotally 
mounted to the body mounting block (11). The suspension arm (10) is also provided 
with a tie rod (12), which tie rod (12) is provided with a turnbuckle (12a) and is 
pivotally connected at one end (13) to the suspension arm (10) and at the other end 

15 (14) to the piston mounting block (I la). The end (14) of the tie rod (12) is slidably 
-connected to the housing via a piston assembly (15) comprises a spring (16) mounted 
on a piston shaft (17), the spring (16) resting on a fixed bulk head (18) of the piston 
chamber (19) and biased against the other slidable bulk head (20) of the chamber 
(19). 

20 

Referring to Figure 2. a plurality of radially positioned wheels (9) are each rotatably 
held by a suspension arm (10), the suspension arm (10) being connected to a piston 
(17) by a tie rod (12). 

25 With reference to Figure 3 a pipeline cleaning pig (1) comprises a longitudinal shaft 
(2) s radially mounted cleaning discs (3 and 4) and wheel assemblies (5 and 6) at the 
forward end (7) and distal end (8) of the shaft (2). 

In operation the piston biases the tic rod and thus the wheel to fit snugly against the 
30 wall of a circular cross section pipe. 



6 
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Example 1 
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****** A Centreline Snqwition Geometry 

Note: Pnintnu~ 



jPjcint B b coDsniofid id move horaamOy by the 



W- force adt whccj(i) 
R- load in fiim-buckle 
F- Spring (ptooa fore) 
Qb~ Hor. force oc mounting 
Qv** Vcpl force on mounting 



(bJy. wfcaa die cm pivots nboat pom 



Effedivr link kBfth 75^765mm 
overall «nn length 

angle between mrnbocfcle and pistrm CL 
^ angle beswmi pjvoc id body QxmtiQg block CL 
v- Angle henmn arm CL and piston CL 
a- Difference between 6 and ^ connm - 4.7I7S* 



Take moments about petition O for link AO 
W»I*Cosv-R s a*Smf^) a ) 
but resolving R horizunalJy ar B we get 
R*Cos* - F b) 

or 

R= F/Cos$ c) 
substitute c) into a) 

■""ranging gives 7 
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W = F*a*Sin (e*Hrt/l/Cosy/Cos(t> d) 
Simplifying gives 

W - T m k where k = Sin (e+$)/l/Cos\j//Co5<|> e) 

Referring to Figure 2 below and calculating k we get NB 8 ly - 8.7175° 



Table 1 k For Varying Suspension Positions 
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Table 2 Wheel Loads 
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Example 2 

Suspension Modules Material Selection. 
The Main Body of The Modules. 

5 The material selected for the main body of the suspension modules is a drawn over 
mandrel (DOB) cylinder tube ref. ASTM A513 grade 1026. The drawn tube has a 
tensile strength figure of 585 N/mnr 2 . The other components fabricated onto the 
body are BS970:080M50 (EN43A). 

1 0 The finished body is phosphated al] over and the external surfaces are xylan 1 070 
coated. 

The Piston. 

The material selected for the piston is BS970:080M50. The piston comprises a main 
15 tube and a -welded in flange of the same material. The finished piston is phosphated - 
an/ xylan 1 070 coated. 

The Suspension Linkage Mechanism. 

The majority of the suspension linkage components are manufactured from 
20 BS970:708M40 which is heat treated to condition R. This gives a tensile strength 
700/850 N/mrn 2 and a hardness value of 201/255 HB. The components that are not 
manufactured from this material are' the suspension arms due to the requirement to be 
able to have simple fabrication done, are manufactured from BS970:080M40 (EN8). 
All suspension linkage components are phosphated and xylan 1070 coated. 

25 

Suspension Springs. 

The spring rate and overall working parameters were passed on to our chosen spring 
manufacturer. 

30 Discussion indicated that the springs should be manufactured from BS 1429:73 5 A50 
which is hardened and tempered to 48/50 HRC. 

10 
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Followin£ heat treatment the springs are shot peened and zinc plated and passivated. 
Wheel Assembly. 

5 The wheel assembly components are manufactured form stainless steel AISI No 303 
(hub) and 316 (rest). 

Stainless 303 was chosen for being non-magnetic when used in an inspection vehicle 
environment whereas 316 was chosen for its extra resistance to sea water, 

10 

The tyre material is a polyurethane which has a hardness rating of 92-95 Shore A. 

The bearing elements are sealed units and a rotating labyrinth seal in stainless steel 
ref 1 .43 1 0 is positioned in two places. 

15 
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A pig suspension system adapted to fit a pig shaft and comprising a plurality 
of wheels characterised in that the wheels are concentrically mounted around 
a piston which is operable in a direction coplanar with the pig shaft, 

A pig suspension system according to claim 1 characterised in that the piston 
is a spring loaded piston. 

A pig suspension system according to claim 1 characterised in that each 
wheel is supported by a radially mounted suspension arm s the suspension arm 
being provided with a pivot pin connected to a suspension mounting. 

A pig suspension system according to claim 3 characterised in that the 
suspension arm is connected ax a poini along its length to a tic rod, the tic rod 
being connected via a pivot pin to a sliding piston assembly. 

A pig suspension system according to claim 1 characterised in that it provides 
substantially constant wheel loading. 

A pig suspension system according to claim 1 characterised in that the 
suspension arms of the wheel assembly are offset from the axis of the pig 
shaft. 

A pig suspension system according to claim 6 characterised in that the 
suspension arms are offset by between 1 and 3° of the pig shaft axis. 

A pig suspension system according to claim 7 characterised in that the 
suspension arms are offset by 2° of the pig shaft axis. 

A pipeline pig comprising a suspension system according to claim 1. 

12 
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A pipeline pig according to claim 9 provided with at least two wheel 
assemblies. 



5 11. A pipeline pig according to claim 1 1 characterised in that the wheels of one 
wheel assembly are offset from the plane in which the wheels of a second 
assembly operate. 

12. A pipeline pig according to claim 9 adapted to be a monitoring pig. 

10 

13- A pig suspension system according to claim 1 characterised in that the 
cleaning disc is of a collapsible nature enabling the pig to be used in 
multidimensional pipes. 



15 14. A turnbuckle for use in connection with a tie rod and a suspension system as 
* herein before described. 



15. A pig suspension system substantially as hereinbefore described with 
reference to the accompanying description and drawings. 

20 
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